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The pyruvate dehydrogenase (PDH) complex is an intramitochondria1 enzyme regulated by a phosphorylation/ dephosphorylation cycle, in which the phosphorylated form is virtually inactive. A specific kinase and phosphatase are associated with the complex; the phosphatase requiring Mg'+ ions and being sensitive to Ca2+ ions. Three serine residues on the r-subunit of the pyruvate decarboxylase (El) component of the complex may be phosphorylated. The site designated site 1 is responsible for inactivation of the complex, while phosphorylation of sites 2 and 3 may inhibit reactivation of PDH-phosphate (PDHP) by inhibiting the dephosphorylation of site 1 by phosphatase (Kerbey & Randle, 1979; Sale & Randle, 1982; Reed & Yeaman, 1987) . Here we report on the use of toluene-permeabilized mitochondria prepared from heart and adipose tissue, to investigate the effects of Ca'+ on the re-activation of P D H P by endogenous PDHP-phosphatase.
Pernieabilized mitochondria were prepared (Thomas & Denton. 1986 ; Rutter 1'1 d., 1987) by a modification of the procedure of Matlib ct crl. (1977) involving controlled exposure to toluene. The mitochondria were incubated at 30°C in medium containing 8.5% polyethylene glycol 6000 ( P E G ) as osmotic support (see Thomas & Denton, 1986;  Rutter ct NI., 1987 for full details). P D H activity was measured using a spectrophotometric assay in which acctylCoA produced from pyruvate in the presence of added N A D ' , CoA and TPP. was used to acetylate the dye p -( paminophenylazo)benzcnc sulphonic acid (AABS) by the enzyme arylamine transferase (AAT). with consequent loss of AINl (Thomas & Denton, 1986) . Absorbance measure- ments were made on either a Pye-Unicam SP.8-100 or a PU 8800 spectrophotometer. Data were captured and stored using either a Hewlett Packard 9854A or B.B.C. Master Computer. Data processing was carried out using a Hewlett-Packard 9854A or 9000/300 Computer. Data points were collected every 3 s (heart) o r 4 s (adipose). P D H activity was calculated a t each point by fitting a quadratic polynomial to up to 25 data points and calculating a rate for the central point (Savitsky & Golay, 1964) . Fig. 1 shows some typical time courses of re-activation of P D H P in permeabilized adipose tissue and heart mitochondria. P D H P was first generated by incubation with MgATP, then the A T P was removed by addition of hexokinase ( H K ) and glucose (G), and finally re-activation was initiated by addition of MgClz to give either 0.18 mM-Mg'+ (adipose tissue) or 0.08 mM-Mg" (heart). In the absence of Ca'+, there was a clear lag period before a maximum rate of re-activation was achieved. The lag period was shorter and the rate of re-activation greater in the heart mitochondria. despite a lower concentration of Mg" -presumably because of the presence of a greater activity of phosphatase. In the presence of a saturating concentration of C a z + , all evidence of a lag period is lost in both types of mitochondria and a faster maximal rate of re-activation is evident. Halftimes of re-activation in the absence and presence of calcium were about 20 min and 10 min, respectively in adipose tissue mitochondria; the corresponding values for heart mitochondria were about 10 min and 5 min.
Further studies (not shown) indicate that half-maximal effects o f C a " are observed at about O . S~M , and in contrast to the isolated en7yme are n o longer present at saturating concentrations of Mg'+ (Thomas ct (11.. 1986; Midgley ct d . , 1987). A likely explanation for the lag periods is that the phosphorylation of sites 2 and/or 3 inhibit the dephosphorylation of site I and hence re-activation at low concentrations of Mg" : the effect ofCa" may to overcome the inhibitory effects of sites 2 and 3, perhaps by specifically increasing their dephosphorylation.
The kinetic properties of PDH-kinase are presently also being studied using toluene-permeabilized mitochondria. In (-) of Ca" ; (ii) increase in PDH activity obtained by differentiation of curvcs in (i).
Time (min)
100 p~-C a ' ' (adipose) or 80 pM-Mg2 + agreement with an earlier study using purified pyruvate dehydrogenase (Cooper P I al., 1974) , it has been found in preliminary experiments that at low concentrations of Mg'+, Ca2+ inhibits the activity of the kinase by up to 50%. Hence, the activation of PDH activity on increasing mitochondrial Ca'+ probably involves not only phosphatase activation but also kinase inhibition. Antigenic determinants or epitopes, which correspond to antibody-accessible areas on a protein surface, may comprise peptide segments from the linear amino acid sequence (continuous determinants) or may be formed from segments distant in the primary sequence which are brought together by chain folding (discontinuous determinants). Continuous determinants can be identified experimentally by protein fragmentation and by chemical synthesis of potentially antigenic peptides. whereas discontinuous determinants are difficult to identify by such methods. A number of methods have been suggested for the prediction of antigenic regions in proteins from amino acid sequence or conformation data. These have been shown to identify known epitopes in wellAbbreviations used: PHCS. pig heart citrate synthase; MAbs. monoclonal antibodies: ELISA, enzyme-linked immunosorbent assay. studied proteins such as myoglobin, ovalbumin or lysozyme. However, these small monomeric proteins are not necessarily representative of the majority of enzymes, which are oligomeric. There are few examples of immunochemical studies on oligomeric proteins where sequence and conformational data are available to permit the assessment of antigenic prediction methods. We have undertaken an immunochemical study of pig heart citrate synthase (PHCS), an oligomeric enzyme which exists as a dimer of identical subunits (437 amino acids, M , 49000). and for which both amino acid sequence (Bloxham et al., 1981) and X-ray structural data (Remington et a/., 1982) are available. We have described the production of a library of monoclonal antibodies (MAbs) to PHCS (Brennand et al., 1986) and now report further work to determine the epitope specificity of two IgG MAbs from this library.
Limited proteolysis of PHCS by subtilisin, chymotrypsin or trypsin was carried out in the presence of palmitoyl-CoA (Lill P I ul., 1984) under conditions which resulted in optimum production of two major fragments of approximate M , 33 000 and 13 500. Fragments were analysed by SDS-
